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(57) Steel having a carbon equivalent below 0.41 for castings used at very low temperatures. 
The steel is used for castings intended for use at temperatures down to -60°C. Steel 
composition, wt%: 



carbon 


0.09 to 0.13 


manganese 


1.30 to 1.60 


silicon 


0.20 to 0.35 


titanium 


0.005 to 0.02 


aluminium 


0.02 to 0.04 


chromium 


max. 0.20 


nickel 


max. 0.20 


copper 


max. 0.20 


molybdenum 


max. 0.05 


phosphorus 


max. 0.015 


sulfur 


max. 0.015 



wherein the carbon/manganese ratio is indicated in the following equation: (% Mn) = 
6.6/0.343 -(°C)- 0.13. 
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(1 2) Wirtschaftspatent 

Erteilt gemaB 5 18 Absatz 2 Patsntgesetx 
anerxannt nach dem Abkommen uber die 
gegenserttge Anerkennung von Urhebsr- 
schoinen und anderen Schutzdokumenten 
fur Erftndungen vom 18. tZ 1978 



(19) 



4(51) C 22 C 38/04 
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(71) CW> Praha, olwovy . ^- ^ , ^ ■> u_ ... . . , 

(72) Matula/Frarrtiselc Dipl.Mng.; Levicek, Petr; Dipping:; Balcar, terelrDipMng:; Stransky, Xarel; Dr. Dipping.; 
Hutie, Alois, Dipl. : lng.;yavrina. JuraJ. D!pl.-lng.; Kupka, Frantisek, CS . 



(89) • 230729; CS 



(54) Stahl mit elnem Kohtenstoffdqulvalent urrter 0,41 fur Gu&telle, die bei sshr.niedrig.efi Tempsraturen ein- 
gesetzt warden • • 

(57) Stahl mit einem Kohlens^ff equivalent urrter 0,41 fur GuBteife, die bet sehr niedrigen Terriperaturen eingesetzt 
warden. Der Stahl wird fSr GuBtaiie vsrVmSs^die fuMden Emsatz bei Terriperaturen bls;-60X vorgesehen.sind. . 
Zusammensetzung des Stahls, Ma.*%: s^-c * c; -.;r- v*'- 
Kohlenstoff~*'o,09 bis 0J3 ' ' — 

Mangan ^30 c bjs-lW— - '* — •-• 3 nn-:--;: 

Silizium . vO^O bjsp,35, , % ... . 

Trten " 0,005 bis"bV02 vJ " ' "'"^ ' - i 

Aluminium * 0,02 ^ bis 0,04 :-o - r : - v u ■ ^tv.r.:* > 

Chrom msx.p # 20. ........ f . 

Nickel max.6^20 
Kupfer max. 0,20 

Molybdan max. 0,05 
Phosphor max. 0,015 

Schwefel max. 0,015. \. .... • . \_ ; - >. .. 

wo bei das Wechseryerhahnis yon Kohlenatoff und Mangan hierbei in der Gleichung (% Mn) 
8.6/0,343 - (°C) - 6,13/angegebe^ ' : - ^* *vr.S- - ^ - 
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MaoSperreHne KajcjaeTca ctbjmi c atCBHBffJieHvoM yivrepczja 
MeHbme *ieM 0 f 41, jumi otokbox, npne^HaBHa^eHrax ajih pa6oTH 
npn otieHb HH3KHZ TeMnepaTypax ao -60°C • CTBJib t npe^HasHo- ?> 
q e Ha, npe HMyme c/r Be hho ajih _ otohb ok_c^ 

rasonpoBbiOEU. v >■> .r:.3r Ojr ; ■ v" .ulsr.jiyv* 

Otjihbkh J npe^HasHatieHHHe 'iwk^paCoTH npii insaraz .Teiine- v 
paTypax, ao ckx nop OT-jiwBaJorcff hb, cTajieft. c s cbffepacaHweM yriie-; 
pb^a 0^15 O; 19 BecOBHX ^ : MapraHfie 1 ,C0 lrj 40:56-; Beco- . 
bhx. ..OtaraBKK h s 3T*ofi CTasH jHj^'o^eme^ iajibine o6p^aTHBBTB w 
kx nppraeHeHiae BoauosBO oro;ibico jlo TOMnepaTypn -40°C. Ctokb- 
kn'~Ab TerMnepH Typu -55°C ^oTarpiBas>ncfl— cra.aeiS f KOTOpue- co«- 
iepsaT" eriie #6 C, 5 3& nee obhx kpeMHUH k " lt TWiSS^iiT3^^ Jfo 
-60^C cTaJib jrea?npye-TCfl- 3.--. 5 .56-BecoBiix. .HH.keJH* . 

CTBJrw ajih: ., OTJiKBdOK t npeflHaaHa^eHHHX rxsl paOoTO npw 
husk kx ;; tstmii e p aTypax f r ^np ohsb o^h^i tc sl b- ochobhh2: : j^rosipc : n^^x 
aByxnuraKOBofi TBXHOJiornett. CCotho < noaepxHBae t rcjif rrpifHUMii wh— 
TeHCKBHoro yrJiepoA^cToro KitneHHH c uejiBBD ^octsto^hopo .6- 
6e8rasc5taaK3i5i BaHHu« nocae nocjie^Heft <no6aBKn xeJzeaRoft okhc- 

JIbHOM pyflH B KORIje O KM C JI 9 HWfl BH^SpacHBaeTCfl qECTOe KXt— / 

neHwe, oGihiho 20 - 25 MMHyT IIotom cTHraBaeTCH OKHCjrwreitb- 
Hufi mjisK m oOpasyeTca hobhS nwax us KSBeqTM w njiaBHKOBoro 
mneTa jijim SoKctrra. BoccTano3:rre:rtbHiiig nepaoA n^aBKwVinpqiic- r / 

XOflHT" tIO,U HOBKM UTJiaKOiJ C6£P*HO npTI aKTHBHOCTH KHCJIOOOJia 

35 - 80 Ppm« CKOH^iaTejibHoe pacKjicJieHKe ofiCTHO^ngo W B.ogHf - ^ 
ch a xobths aJibMPtnueM hjim a^ixMKHMeM k cmisiKOKajibUMeM^ 

3. HacToamee apeMH ajih ot-jiwbok c £eniiTieeK?ix aaTBopoB 
ra3onpOBO < aoa t paOoTaasmux npu rewnepaTypax -60°C f Tpe'- " 
6yeTCH Acno.^HnTejifcKaa. xapaxT*apncTMKa, OKBHBaJreKT yrjrepofla 

C SKa^te-HMa KOTOtroro aojizko 6htb weHbrne t?eM C,41* 
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9T0My Tpe6oBaHwi> ; 'He ? yidBJieTBbpSeT r HftkaKajr- vtz r cTajceR-, ripn- 
MeHHBUBix ao cmx nop ajiji owHB^K^ paOoTaiaSHX npH-.TeMifepa- ^ 

Tn^ s i60?C. HVC '^«' ' - HTr - oc ' 

3 k b S b a it e ht y rii a p 0£a C5lfL blnpeSeiSeVca nb-^bpiiyfie 1 ^ 7 -'^ 

.>~\t-v v o~ ^/-/^ v-.r. ,; ^v-^ :^0:^. >;,;> :Vr . c , 

U 3KB ' ■ • - HT^ • • 15 " T: " ,5:^- ~ 

Taicse TpeGyeTcn:, trro6ia CTaJtb mjl yxaaaHHux^oTJiMBOK * 
oCaamajra cjre,nyBinKMJi MexsHnqecKKMn csoHCTBaMK ; . J 

npo^HOCTbi-.:c^ ri ^^Rm^MPa)^ r^,- ^ 3 ^ 420 c :^ ; 570. : . r ; ?cr .. _ 
npe«ea^TBKy?ecTM ;Re^(MPa)< : 0 r^MKH. a 355 ri ^s- ?OH4r .,^ r , 

ynapHaa m.3;K©j:?s» u tS^Hr:? , v:^!?? 1 ^^)^^ 3 mhh#^,80^ ,^. r _ 
yjiapHafl^B«aKocTB ?: - w KCU ,3 v Jcn^)^ c ^ r _ . _ . 

yaapnaa aaa 3 kocjt»b f --.KCEJf* 3T ( Jcm"^ ) r , - i; e khh ♦ --.SOL . c , ^ _ . . . : 

r:;. v^Sts npo6jreMa r peineHa -CTaJibB- coraacHO wsoepereHino, 
kcjrniHoc.TB KOToaoro,cocTOHT ri B tom. - wo.,cTaJiB,.coflep3cnT npinfe- 

MapfiHeq ^^x:. ,.uk :l^80-« 1^ 60 - - 

' Kp eMHM If ■ ' 1 ■ *" * ' - • : 0,20 • C;35 " * : , ^ 

tht^h" 1 : ' 0,005-0,02' - , v 

sAioabiHitii 0,02 - 0,04 

xpow - CJieAH mbkc. . 0 f 2C 

HHKe*B cJiepM mskc. 0,20 

ne^b cjre^H- mbkc. O,20" 

^MOJiw^eH m ^cJie^H waKC. C,05 .. 

fioc$op cJie,z;H\ * >iaKc. 0,015 " ' " 



jskcT."* 0, 015 



' 1 ■ i. 




33BHMHoe seco3oe oTHOceHne yrjiepo^a* H'MapreKaa o6ecne^eao 

yse 3 Te^ieHiie MeTaJijryprnMecKoro" iipouecca nposiaso^cTBa- ctsjih, 

: !Jrcia;'C:: cr* /..u..*r u T -r r*« - ^ j ** V^*- - ^ 

. y crsjrif o6ecneu;iTCH xak npeAejr" TekyMecTii R e EHnie*; ; *- 
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riew 355 MPa, Tax OABOBpeMS hro k 3Ha*eHMe aicBKBBJieHTa 
yrjrepoAa C 3k ^ . MeHBmer, neu 0*,41. . 

Kor^a o6ecne wrest', uto6h npeAejr . TeKywecTH R e npo- 
HBBejaeHHoR cTa*w 6HJi>BMpe *eM 355^ MP'a, to h yflapHaa bab- 
koctb npM -60°C KCV~ 60 Gy^eT 'Ooxhme veu 30 Jcm"*^ 

3HaveHwe yAapHoft bhbkocth npn -60°C ssbhckt Tarace 
w ot ccjaepacaHwa BOflbpo^a b ctslzh; KorAa bKMCJTMTejiBHHfl 
iujibk ycTpaHHT paHbme Bcero 6 yi noase Bcero 10 MsiHyr nocjie 
nocJiejiHeii A06aBKH icycKOBoft oKwc^wTeirBiibfi iejresHofl pyAH 
njiK ceit^ac noane oKOR^aHUfl KucaopoAHoro xyrha w HeMeAJieH- 
ho o6pa3yeTCH c HOBH^ nrjiaK, noKa .b? BaHHe feme . npoHCxoAHTr.yr-?;' 
jrepoAnoe KMneSae , r mohho noay*iJrevB : ctiuib c hustckm coflepsa-,* ? 
hh6M BOflopoaai . 'Crsrw • j -f. 

SHa^ieHMer yAatrabtf bhskocth npn -60°C aasacjiT Tantrr;, 
ot HHcroTH ci^k r ee.- 8 6Phmct6ctk» KorAa OKHC^e hhs* np*oMc- 
XOflKT" TBK , *T 06H TCMnepBTypa HaHHH B> KOHUe - oKric JxeHsia Ha-^ 

xoAHJiacB b npeieJiax^lSBO 1 - lfeb6°C h He kbk o6otho b urapo-; 
kom AHanaaoHe TBMnepaTyp 157C - 162C°C, h a KOHne. oKiacjie- 
hhk- npo m 8 o fi a e t ^ b^S en i>* ? KtH*i*TsrHc tjb h oe* ocaAMTe^BHbe pacKiiciceHKe 
a jx-som k h k e m '*£k; :/ ' ^to6h Skthbho'c^b kricjropdAa ynajia uoa 

25 ppm /ao cmx nop aKTMsnocTB km c ji op 6a a ' b b dec tb ho b mt e ji b h om 
nepwoAe n-aaBKW oCotho hbxoahtch bj npeAeJiax 35 - 80 ppm /, 
BOSHMKHyT xopcnme yososKA a*h bc ttjihbbhkh BiunraeHHfi r-n^jxojQrs? 

TJUrrCH CTBJIB C OTXBPIH02 tXMCTOTOft. OAHOBpeMeHHO BOSHKKHyT^yC- 

jiobm ajxh MMHMMa^BHoro yrapa MapraHixa npn jierrrpoBaHPfS) w.hks- 
Koro yrapa pacKHCJiHsmMx npKkeeefc npn OKOHtiaTejXBHCM . pacKMCjaeHira. 

»s ......... . % » , 

npsTMepHoe Biino^neHMe riaoCpeTeHHH: v ■ . 

B ocKOBHyo 3Jie-KTpxtiecxy». ^yroay» ne*iB c oOieMOM nJIaB " 
km 8t Sa m e BJioseHa idhxtbl c pc kmhw e ckhm coctbbom b BecosHX "iipo- 
ueHTax: yrjrepoa 0,46; MapraHefl 0,38;' $oc$ op ^* 026 * ce^ 6; 019 ^ 
xoom 0,18;- HMKeuib 0,11; ue%± Q 9 12* . : ^ 

noqjie-: pacnJiaB^eHHH, ^!Ph,.<5h^ c jioupv&p npimecw srsBecTH 
oOpaaoBaH icjisk k Ha^aJipp b., pKMC^KMe .y r^ep oka^ TOKMec bs ^6ko^ 
aow oKHCJnrrejiBHoa aefjirtaoft p^^V^ax 6^ T.eMeHwe^Bcero' Bpe- 
Menn : peryjrnp[C^aK. a o (3 a b kbmk iks^cr^^^ef jcocTHseHHH /eowpianus 
yrjiepoAa- a BaHHe *C ,09 ,S r . Bee oaax. " 6^jio. "^ombw hoT ctkkb Hwe okm- 
c mt e ji bk o r. o toaKa M .oOpaspBaH, hobhm iweK Va K3BecTW w OoiccnTa. 
noc^e AOCTHseHwa coAepsaKWH yrjrepoAa 0,06 % BecoBux 6hjio npo- 
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H3BeaeH0 WHTeHcwBHoe ocegiMTejiBHoe pacKucaeHJie ajxroMiiiraeM 
/1,9 icr.T" 1 /- Aktmbhoctb xwcnopofla ttohms PuiecB «3 241 ppm 
AO 23 ppia, DfoiaK 6hji- pacKMCJreH 5 npnMecbK) nsjireodpaaHoro $ep- 
pocw^nmia, co^epsaHiie^ okhcm xeaeaa b nmaKe' noHwawjiocb ao 

. 1,1 % BecosHX, TeMneparypa bbhhh moctuvjib 1S00°C. nocJie 
oca^HTe«bHbi:a pacKHCJieHHs nojiyqeH'H-BaHHe ccjierAy3onxMa T xpniii^ec- 
xwii cocTas BecoBHxrryrirepo.urO, 08; ^MapraHeq^ 0,18;MKpeMHH2 
0,19; $oc$of 0,006;: cepa 0,dl;xprou Q f 09f HHicejib 0,11;- Me*b 
0,12;* aa»MKHHfl 0,071. ^.^j.^ -ve^'-j^ ^ \ * • ' 

CorJiacHO BHpexeHJ» ' /SMiti =^6,;6 f /0,343 - /SC/^ - Jp,13/ 

. Ghjio c y^ieTOM rpeOOBaHM C 0K ^= 0,41^0^ 

Hue Mapramja h npn TeMnepaTyp^,1610 0 C o npoHBBe,i*eH. BunycK s 
KOBm. CKOH^aTejibHoe pacKHcnenne Ghjio -npcn3se,neHc b KOBtne 
ajrDMHHHeM /0,2 Kr,T /, $eppoTirraHOM r /c 7 co^epsaHneM 35 % 

BeCOBHX TS5T3Ha/ B KOJUHieCTBe lKr.T"" L H CMJrWKOKaJIbUHTOM 

/3 Kr#T /. ITpotf sBe^aHHaH ctbjtb HMejra . ojiepymmvi xjEWsrqecxwS 
coctsb b % BecoBBtx: yivrepoa ^ 0,11 

Mapraneaj— > ^ 1,42. , 

KpeMHH^ rt r ^ 0,31^ ? ..^^r 

$oc$opr . .. 0,009 

cepa 0,008 

v.v* -v.- ..■ v ; - .cxpoM^r >t >r*c0^09i^*»' - - '-!*\-rr::. •* 

HMKejib itO"i-ll-- fc :o.^: ■= a 

uen&?> - :> s 0,^12. . * ■ r : 

aJIBMMHMfi 0 , 031 

niT an 0 f 02 

uojxHfiAeH 0,05 „ 

Hocne HopwaJtMaairwoHHoro oirswra otjistbok 6hjih noJiyttera 
cjreAy3?mne aHaweHiiH Mexammecxwx cbo£ct3: 

npo^HOCTb H^o 525 MPa 

npeaeji Texy^ecTw R q = 369 LEPa 

THry^iecTb 31,4 ?5 

cy^eHiie Z = 69,8 % 

y^capHafl bhb KOCTb npw 20°C KCU 3 + ^°s 169,8 Jem -2 
y^apHai! bhskoctb npu -60°C KCU 3"" o0 = 142,6 Jem" 2 
y^apHasi baskoctb npw -6C°C ICCV 3""^°= 48,2 Jca" 2 
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- <5 0 P M y JI A K-3 O.BPETJ H H.fl 



1. Ctsjib c aKBHBajnemroM yrjtepOAa Mentme ^eii 0^.41 aasi 

otvihbok , npeflHaaHa^eHHiix . jyts , pafiora npw b^eHB hms- 
kjix TewnepaTypax OTJioTib ao:?-60°C, oTaiHTOBJmaHCs Tew, *ito .': 
co^epsnT a nponeHTax secosHX 



• "MapraHeu ^ : v l ; ,30;- 1,60; • 



3CPOM MQKC • 0,20 



Me^b uekc«T 0,20 " ■ / v : v *' t; " - c 

MOJiwOAeH wake/" 0,05 v 

f>ocjj)op wakcV * 0,012 - 

Cep3 M8LKC." C,015 

npw^xeu B-aanMHoe BecoBoe /.OTHomeHjiev co^epsaHMH yrttepcaa 

n MapreHua asko Btrpase hhgm c:x^tk~^ 

/%Hn /. = 6,6 • /0,S43 - /C%/ - O f JLS/ 



• tfSU CS2 w^K oi-v^ri'v*:; 



